SUMMARY Imbibition analysis, a polarised light microscopy technique, was used to examine the molecular organisation of collagen in normal and diseased mitral valve chordae tendineae. A single strut chorda from each of 23 valves (14 from necropsy specimens and nine from valve replacement surgery) was studied. The degree of molecular organisation of collagen in unstained 7 ,um sections of the chordae was assessed by measuring the retardation of polarised light by the sample. Sections from each tendon were examined, after staining with Movat's pentachrome, for the presence of proteoglycan infiltration and classified as normal or abnormal on that basis. The imbibition analysis results were grouped accordingly. The retardation in the collagen in the seven chordae with proteoglycan infiltration was significantly lower than in the 16 normal chordae, indicating decreased molecular organisation. Five of the seven abnormal chordae with proteoglycan infiltration and decreased retardation were from patients with floppy mitral valves; the other two were from normal necropsy specimens.
The widespread occurrence of floppy mitral valves has provoked much interest, both in its clinical aspects and in the pathological process(es) that cause it. No single defect, however, has been identified as the main factor causing floppy valves. Since The one factor common to these proposals is that collagen structure is a key element in floppy valves. Since the above studies did not reveal a consistent abnormality of collagen fibre structure the problem could be at the molecular level. We used imbibition analysis, a polarised light microscopy technique, to examine the molecular organisation of collagen in the chordae tendineae of normal and floppy mitral valves. This method exploits the anisotropic molecular organisation of collagen, which makes it birefringent and hence visible in the polarising microscope. Changes in molecular organisation that would not be seen with ordinary light microscopy can be observed and quantified by the use of polarised light.
Patients and methods
A single randomly selected strut chorda was removed from each of 23 Therefore, to ensure that the retardation was solely due to the intrinsic molecular organisation of the collagen itself, we studied unstained sections. To eliminate orientation effects the chordae were sectioned longitudinally so that the collagen fibres lay in the section plane. Form birefringence also contributes to retardation. Form birefringence arises from the difference in refractive index between the material being studied and the surrounding medium. The contribution of form birefringence (n. -n.)f to the retardation is given by (n,2 -n22)2F (equation 2), where ni is the refractive index of the material, n2 the refractive index of the mounting medium, and F is a form factor,'3 which depends on volume fractions of the different components and the shape of the fibres. The mathematics developed to calculate F assume that a two component system is being studied-that is the surrounding or imbibing medium and the material. Because of its bound ground substance collagen is a more complex system and the equations cannot be rigorously applied. However, when nI = n2 the form birefringence will be zero regardless of the value of F, and so only the intrinsic birefringence will contribute to the retardation. Therefore, if retardation in collagen is measured in a series of different media with different refractive indices the retardation at the minimum value on the graph in which retardation is plotted against refractive index will be proportional to the intrinsic birefringence, and hence will be related to the molecular organisation. This procedure is called The intrinsic birefringence was significantly higher (p < 0001) in the normal tendons. and arterial collagen.14 We used the minimum retardation to calculate (equation 1) the intrisic birefringence of the collagen in each of the chordae (fig 2) . The average intrinsic birefringence of the abnormal chordae was significantly lower (p < 0001) than that of the normal chordae. Two chordae showed regions of collagen degradation when stained with picrosirius red-that is some of the fibres appeared green when viewed with polarised light. These regions had been deliberately avoided in the imbibition analysis measurements. Both of these chordae also had proteoglycan infiltration. Figure 3 shows the correlation of the histological findings with the necropsy and surgical reports. Of the 16 Of the seven chordae that showed proteoglycan infiltration, four were from surgical specimens all of which had been identified as floppy valves and the other three were from necropsy specimens. The pathological report on one of the latter described the specimen as being a floppy valve.
In summary, collagen in all of the sections with proteoglycan infiltration had lower intrinsic birefringence values than sections with no proteoglycan infiltration. This indicates that at the molecular level collagen in such sections is less organised than normal.
Discussion
We chose chordae tendineae rather than the mitral valve leaflets themselves for this study because collagen fibres in the chordae are highly aligned. In valve leaflets collagen fibre organisation is multidirectional. Since retardation is dependent on orientation it is difficult to ensure that the true retardation is measured when the fibres do not lie in the section plane.
Involvement of mitral chordae in the myxomatous process is known to be variable, and the finding of some normal chordae in patients with floppy valves is to be expected, especially since we were only able to obtain a single tendon from each valve. Also, localised myxomatous change has been found in otherwise unremarkable valves.2 23 The molecular organisation of the collagen in the chordae tendineae will influence their mechanical properties. The imbibition analysis technique was used to examine that molecular organisation. It is a well established technique in ultrastructure research24 and in particular has been used to study the changes occurring in the molecular organisation of collagen in the healing and ageing of rat Achilles tendon.21 25 The significantly lower intrinsic birefringence values of collagen in the chordae that showed proteoglycan infiltration indicated less molecular organisation in these chordae. There are Source of chordae 14 26 This would mean that the abnormal chordae were composed of collagen less than three months old. It is difficult to imagine how this situation could occur. The finding of Cole et al of increased production of collagen and glycosaminoglycans, plus cell proliferation in the valve,27 does, however, suggest that a repair process is occurring. A repair process might be associated with the presence of immature collagen and this could be partially responsible for the lower intrinsic birefringences observed. Immature collagen is more extensible and weaker than mature collagen26 28; therefore, its presence might enable the valve leaflets to prolapse into the atrium.
The second possible explanation is that the altered intrinsic birefringence was due to collagen degradation. This would also lead to increased extensibility and a decrease in the tensile strength. In vivo such a change could result in increased chordal strain at any given stress, causing the chordae to lengthen and the valve cusps to prolapse into the atrium. With extensive collagen degradation, chordal rupture could occur. Obvious collagen degradation was seen in only two of the abnormal samples when they were stained with picrosirius red, but since this method is dependent on collagen fibre diameter18 it may not be able to detect the early stages of degradation.
The third possible explanation, and the one that appears most plausible, is that the initial degradation does not involve the collagen per se but rather represents the removal of ground substance bound to the collagen fibre. It In summary, our results indicate that, although proteoglycan infiltration may not be a specific marker for floppy valves, its presence is associated with evidence of degradation of the collagenous matrix. This finding agrees with the opinion of King et al2 and suggests that the extent of valvar involvement in this process is likely to be a major factor in determining the functional effect. It is yet to be determined whether it is the collagen itself that is degraded or whether it is the ground substance that is removed from the collagen. The polarised light technique of imbibition analysis provided data not obtainable by the scanning electron microscopy studies that have been used to investigate the ultrastructure of floppy mitral valves. 
